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Motor housing for an electric motor 



FIELD OF THE INVENTION 

The invention relates to a motor housing for an electric motor as well as an electric motor 
which is enclosed by such a motor housing. 

« 

BACKGROUND OF THE INVENTION 

The invention relates to electric motors in general and, in particular, to direct current motors 
which can be configured as either inner rotor motors or outer rotor motors. Even more 
specifically, the motor could be an electronically commutated, brushless DC motor or any 
other permanent magnet motor. Such motors include a rotor assembly which is connected to a 
shaft and has one or more permanent magnets, as well as a stator assembly which includes a 
stator, composed, for example, of laminations, and phase windings. Two bearings are 
arranged on the shaft at an axial distance from each other in order to support the rotor 
assembly relative to the stator assembly. As a rule, such motors also have a sensor device to 
register the rotational position, the rpm and/or the torque of the rotor assembly relative to the 
stator assembly. The sensor device can, for example, include a position sensor. 

The electric motor presented in the invention is particularly intended for application in the 
automobile sector, for example, to support the steering, to drive a cooling water pump 
arranged separately from the engine of a vehicle or as a gear shift motor. Such motors 
frequently find application in the internal-combustion engine compartment of a vehicle where 
they are subjected to high temperatures and extreme temperature changes. Particularly in all- 
terrain vehicles which make special demands on the motor such as its fording ability (ability 
to be immersed in water), the changes in temperature to which the electric motor is subjected 
can be very high. At the same time, care has to be taken that no water or any other type of 
pollutant can penetrate into the motor. This means that these motors have to be protected 
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against such outside influences and be of a robust construction, and at the same time they 
have to be able to withstand extreme changes in temperature. 

An electric motor with a fully closed design is known from DE 36 35 297 which is cooled by 
a fluid circulating in the closed housing, whereby pressure equalizing devices are provided in 
the motor to equalize the volume or pressure of the coolant. 

An electric motor is known from DE 44 44 643 in which a pressure equalizing device takes 
the form of a PTFE membrane which is arranged in a connecting channel between the interior 
of the electric motor and the outside air. The pressure is equalized by an exchange of air, 
whereby the membrane prevents moisture from penetrating into the interior of the motor 
housing. 

One object of the invention is to provide a motor housing for an electric motor which 
guarantees optimal functionality of the motor even during extreme changes in temperature. 

SUMMARY OF THE INVENTION 

This object has been achieved by a motor housing having the characteristics outlined in claim 
1. 

The invention provides a motor housing for an electric motor having a housing shell which 
encloses a space to accommodate the electric motor and a flexible partition in the housing 
shell which separates a pressure equalizing cavity from the cavity accommodating the electric 
motor. The pressure equalizing cavity is connected to the outside environment. The flexible 
partition is preferably formed from a membrane. In a particularly preferred embodiment of the 
invention, the housing shell is sealed by a housing cover, whereby the flexible partition is 
inserted between the housing shell and the housing cover. 

The invention thus creates a motor housing which is divided into two cavities by means of the 
flexible partition, whereby the motor is accommodated in one cavity and the other cavity 
forms a pressure equalizing volume which is connected to the outside atmosphere. The cavity 
accommodating the motor is sealed off from the outside atmosphere by the flexible partition. 
Through the motor construction presented in the invention, a pressure equalizing volume is 
created which can equalize the pressure in the motor housing when the electric motor ' 
undergoes extreme changes in temperature. 



-3- 



The cavity accommodating the electric motor is hermetically sealed to a large extent against 
the outside environment. When the motor warms up during operation, the air inside the motor 
housing expands and creates excess pressure in the cavity accommodating the electric motor. 
This excess pressure can be compensated by the flexible partition being deflected in the 
direction of the pressure equalizing cavity so that the volume of the pressure equalizing cavity 
decreases and the volume of the cavity accommodating the electric motor increases. When the 
pressure equalizing cavity is connected to the outside environment, the medium held in the 
pressure equalizing cavity can escape. By these means, the pressure in the cavity 
accommodating the electric motor is equalized. 

As mentioned above, the motor housing of the present invention is intended for electric 
motors in the automobile sector and, in particular, for all-terrain vehicles, particularly all- 
terrain vehicles with four-wheel drive, such as pickup trucks. The invention is also 
particularly well suited for vehicles with boat trailers which are designed to be driven 
backwards into water, or for other sports utility vehicles. If, for example, such a vehicle is 
driven through water and the electric motor is thus immersed in water, it is abruptly cooled 
from a very high operating temperature down to the water temperature as a result of which 
low pressure is created in the motor. To avoid water being sucked into the motor cavity 
through the bearings or any other non-tight areas in the motor as a result of this low pressure, 
the invention provides for the low pressure to be equalized by means of the pressure 
equalizing volume. 

In particular, the flexible partition can be deflected in the direction of the cavity 
accommodating the electric motor to reduce the volume of this cavity and thus to achieve an 
equalization of the pressure. The pressure equalizing volume is increased to the same extent 
as the volume of the cavity accommodating the electric motor is decreased. Since the pressure 
equalizing cavity is connected to the outside environment, air and liquid can enter the 
pressure equalizing cavity during this process but not the cavity accommodating the electric 
motor, which is separated off by the flexible partition. 

When the motor warms up again during continued operation, the pressure in the cavity 
accommodating the electric motor gradually increases again and presses against the flexible 
partition, so that the pressure equalizing volume decreases again. In this process, any possible 
air and water contained in the pressure equalizing cavity is pressed out of this cavity. Water 
can also flow out of the pressure equalizing cavity through the force of gravity. By arranging 
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the channels and holes connecting the pressure equalizing cavity to the outside environment 
suitably at different heights, this flow off can be supported by gravity. 

According to the invention, the flexible partition is preferably formed like a membrane. It 
could be made of an elastomer. Suitable materials for the manufacture of the membrane are, 
for example, nitnie butadiene rubber (NBR); ethylene propylene diene rubber (EPDM); fluor rubber 
(FKM). Semi-permeable materials can also be used as a raw material for the membrane 
provided they have sufficient resistance and can withstand high temperatures. Materials from 
the textile industry might also be suitable such as Gore-Tex™. 

The flexible partition or membrane has several functions. For one, it allows the volume of the 
cavity accommodating the electric motor and the volume of the pressure equalizing cavity in 
the motor housing to be varied depending on the pressure situation in the motor in order to 
achieve pressure equalization in the motor. On the other hand, the flexible partition ensures 
that the motor cavity is hermetically sealed against the pressure equalizing cavity which is 
open to the outside environment. This goes to ensure that any liquid entering into the pressure 
equalizing cavity and any other pollutants do not penetrate into the motor compartment. In 
using a semi-permeable material, the flexible partition can be designed in such a way that 
although liquid can enter the pressure equalizing cavity from the cavity accommodating the 
electric motor, it cannot flow in the opposite direction. 

In a preferred embodiment of the invention, the flexible partition is clamped between the 
housing shell and the housing cover and forms a seal between them. The flexible partition 
thus takes on the additional function of sealing the inner cavity of the motor housing. 

The pressure equalizing cavity is preferably formed between the housing cover and the 
flexible partition. To establish a connection to the outside environment, at least one opening, 
preferably two openings, are formed in the housing cover. The openings can be formed by 
grooves, holes or in any other form. The openings are preferably formed in such a way that no 
solids can penetrate into the pressure equalizing cavity. For this purpose, labyrinth-like 
openings or a covered hole or groove can be provided. 

In a preferred embodiment of the invention the housing cover features some means of fixing 
the flexible partition in position when the partition is distorted. This means can include, for 
example, bridges, ribs or posts. 



In another preferred embodiment of the invention a cable duct is provided between the 
housing shell and the housing cover which holds leads for the purpose of connecting the 
electric motor. Here, the flexible partition can be formed as one piece with a seal between the 
cable duct and the housing shell and/or between the cable duct and the housing cover. 

The invention also provides an electric motor having a stator and a rotor which is enclosed in 
a motor housing of the type described above. 

SHORT DESCRIPTION OF DRAWINGS 

The invention is described in more detail below with reference to the drawings. The figures 
show: 

Fig. 1 a cross-section through an electric motor having a motor housing in accordance with 
the invention; 

Fig. 2 a perspective cross-sectional view of a motor housing in accordance with the 
invention; and 

Fig. 3 a perspective exploded view of a motor housing in accordance with the invention. 
DETAILLED DESCRIPTION OF PREFERRED EMBODIMENT 

Fig. 1 shows a cross-section through an electric motor having a motor housing in accordance 
with the invention. The electric motor is preferably a brushless direct current motor or any 
other permanent magnet motor. 

The electric motor shown in fig. 1 has a housing shell 10 and a housing cover 12. A flange 14 
to attach the motor, for example, in a motor vehicle is formed onto the housing shell 10. This 
flange 14 is also referred to as an A-flange. The housing shell 10 has a basically cylindrical 
shape and is immovably connected to a stator 16 which includes a stator body 18 formed, for 
example, from lamentations, and phase windings 20. A rotor 22 is immovably connected to a 
shaft 24 and rotates in relation to the housing shell 10 and the stator 16. The rotor 22 includes 
a rotor magnet 26 and a back iron yoke 28. The rotor 22 and the shaft 24 are supported in the 
housing shell 10 via two roller bearings 30, 32. In the embodiment illustrated, the roller 
bearings 30, 32 are ball bearings, whereby the first ball bearing 30 is integrated in the flange 
14 of the housing shell 10 and a second ball bearing 32 is supported on the housing shell 10 
via another flange 34, which is also referred to as a B-flange. The essentially cylindrical 
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housing shell 10 of the motor housing extends from the A-flange 14 to the B-flange 34 and is 
sealed by the housing cover 12.. 

A cable duct 36 is provided between the housing shell 10 and the housing cover 12 which 
holds leads 38, 40 for the purpose of connecting the electric motor. Moreover, a sensor PCB 
42 is attached to the B-flange 34 which is allocated a signal producing device 44 that is 
attached to the shaft 24 via a supporting component 48. In the illustrated embodiment, the 
signal producing device 44 can feature magnetic tracks, for example, which lie opposite a 
position sensor on the sensor PCB 42. Connection leads 40 for the sensors are led to the 
outside through the cable duct 36 as are the connection leads 38 for the phase windings 20. 

A membrane 50 is inserted between the housing cover 12 and the housing shell 10 which 
separates a cavity 52 accommodating the electric motor from a pressure equalizing cavity 54 
in the interior of the motor housing. Whereas the cavity 52 accommodating the electric motor 
is sealed to a large extent from the outside environment by the housing shell 1 0, the bearings 
30, 32, the B-flange 34 and the membrane 50, the pressure equalizing cavity 54 is open to the 
outside environment. For this purpose, several (preferably at least two) grooves 56, 58 or 
holes are formed in the housing cover 12 which go to connect the equalizing cavity 54 to the 
outside environment. The membrane 50 not only separates the cavity 52 accommodating the 
electric motor from the pressure equalizing cavity 54, but also forms a seal at the contact 
surfaces of housing shell 10, B-flange 34 and housing cover 12 between these contact 
surfaces which prevents any liquid or any other foreign bodies from penetrating into the 
cavity 52 accommodating the electric motor. The membrane can be formed from an elastomer 
or any other impermeable or semi-permeable material,, whereby this material must be so 
composed that no liquid, air or any other media can enter the cavity 52 accommodating the 
electric motor from the pressure equalizing cavity 54. As shown in fig. 1, projections, bridges, 
ribs 60 or any other means of fixing the position of or guiding the membrane 50 during its 
deflection can be provided on the housing cover 12. 

The cable duct 36 can be formed as a corrugated pipe or any other known cable conduit. The 
cable duct 36 is preferably sealed towards the housing cover 12 and the housing shell 10 by 
means of a seal which is formed as one piece with the membrane 50 as a side extension of this 
membrane. Alternatively, the seal of the cable duct 36 is made of the same material as the 
membrane 50 but formed as a separate component. Other seals known from the prior art may 
also be used as seals. 



As mentioned above, the membrane 50 is used to separate the cavity 52 accommodating the 
electric motor from the pressure equalizing cavity 54 within the motor housing. Whereas the 
cavity 52 accommodating the electric motor is sealed at the power take-off side towards the 
engine gear box against the intrusion of transmission oil by means of a radial shaft seal 59, the 
pressure equalizing cavity 54 is open to the outside environment via the grooves 56, 58 as 
well as a hole 57. Since the cavity 52 accommodating the electric motor cannot be fully 
sealed against the outside environment, particularly in the situation where the motor is 
immersed in water, there is a risk of water being sucked into the inner cavity of the motor 52 
on sudden changes in pressure within the motor due to abrupt changes in temperature. To 
prevent this, the invention creates the pressure equalizing cavity 54, by inserting the 
membrane 50, which equalizes excessive low pressure and also excess pressure in the motor 
cavity 52. 

In practice, electric motors which are used as gear shift motors, power steering motors, pump 
motors or such like in all-terrain vehicles can be subjected to sudden changes in temperature 
of 30% to 40%. For example, if the motor operating temperature is 398 Kelvin and the 
electric motor is immersed in ice water with a temperature of 278 Kelvin, there is a change of 
pressure according to the following equation: 

P1/P2 = T1/T2~0.70 

which, with a constant volume, represents a pressure drop of about 30%. To equalize this 
pressure drop in the inner cavity of a motor 52 when the motor is very suddenly cooled, the 
inner cavity of the motor 52 has to be decreased accordingly and thus the pressure equalizing 
volume 54 increased accordingly. Since the pressure equalizing volume 54 is connected to the 
outside environment, pressure equalization to the outside environment can readily be effected 
in that air and/or water is sucked via the grooves 56, 58 into the pressure equalizing cavity 54 
which then expands. An appropriate arrangement of the grooves 56, 58 on the motor housing 
can ensure that any water sucked in can flow out again after the pressure has been equalized 
and the vehicle has driven out of the water. 

Depending on the application and dimensioning of the electric motor, the membrane 50 may 
be placed at a different position to provide a relatively larger pressure equalizing volume 54. 
It may also be formed in a different way to that in the illustrated embodiment. 
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A particular advantage of the invention lies in the fact that the membrane 50 not only effects 
the separation between motor cavity 52 and pressure equalizing cavity 54 but also takes on a 
sealing function to seal the housing cover 12 on the housing shell 10 and the B-flange 34. In 
addition, the membrane 50 can also seal the cable duct 36 and form a lead cleat for the cable 
duct. 

Fig. 2 and 3 show a cross-sectional perspective view and a perspective exploded view of the 
motor housing presented in the invention to illustrate the motor housing more clearly. As 
shown in these figures, the motor housing includes a housing shell 10 onto which the A- 
flange 14 is formed. The B-flange 34 is set into the housing shell 10 at the opposite end. It 
supports a sensor PCB 42. The housing is sealed by the housing cover 12 5 whereby the 
membrane 50 separates the pressure equalizing cavity between membrane 50 and housing 
cover 12 from the motor cavity between membrane 50 and housing shell 10. 

Moreover, a sealing ring 62 is formed onto the membrane 50 which seals the cable duct 36 in 
relation to the housing shell 10 and the housing cover 12. In the illustrated embodiment, the 
cable duct 36 is formed from a corrugated pipe in which an elastic stuffing box 64 is set 
which is used to fix and seal cables and leads to connect the electric motor. The membrane 
50 and the sealing ring 62 form a tight connection between housing cover 12 and housing 
shell 10 and at the same time form a lead cleat for the cable duct 36. This creates a cylindrical, 
positive-fit lead cleat for the cable duct and allows its simple and safe assembly. In particular, 
it also enables the pre-assembly of the cables and leads required for the electric motor, 
including edge connectors, cable lugs and such like without these having to be individually 
fed through a hole in the motor housing or a screwed cable gland. 

The other characteristics and functions of the motor housing of the present invention are the 
same as described in reference to fig. 1 . 

The electric motor presented in the invention is preferably used as an auxiliary motor for 
power steering support, a coolant pump, a gear shift device or such like in motor vehicles, 
particularly in all-terrain vehicles in which such motors are subjected to extreme changes in 
temperature and adverse environmental conditions. 

The membrane 50 of the present invention which separates the motor cavity 52 from the 
pressure equalizing cavity 54 is made of an elastic material, such as an elastomer, e.g. NBR, 
EPDM, FKM, or a semi-permeable material that must, however, show sufficient resistance 



under high pressures and temperatures. It is also conceivable that a PTFE membrane or a 
membrane from a similar material is used. The membrane ensures that the motor cavity is 
sealed and that no foreign bodies and, in particular, liquids can penetrate into the motor. If a 
semi-permeable material is used, however, liquid can enter the pressure equalizing cavity 54 
from the motor cavity 52. 

The characteristics revealed in the above description, the claims and the figures can be 
important for the realization of the invention in its various embodiments both individually and 
in any combination whatsoever. 
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